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Table 3 Effects of auxin treatment on mean (±SE) 
rooting and mortality of Conospermum milchellii cuttings 
Auxin treatment Rooting (%) Dead (%) 
Water 26.7 ± 8.0' lD.O ± 4.4a 
Commercial gel (3000 
mgl-1 1BA) 60.6 ± 8.6' 17.2±3.S3 
5000 mg I-I lOA 52.2 ± 4.6' 27.8 ± 6.S8b 
5000 mg I-I NAA 2.8 ± 1.5' 53.9 ± 14.0bc 
3500 mg I-I I BA + 1500 
mgl'l NAA 12.8 ± 4.6iC 61. 1±9.8' 
Means within a column followed by the same superscrip t are not sig-
nificantly different (Tukcy 's HSD test; P > 0.05) . 
except when accompanied by NAA (Table 3). Formulalions 
contain ing NAA greatly increased cutting mortality. 
These results indicate that C. mitchel/ii is highly amenable to 
propagation from cuttings, particularly if softwood cuttings are 
lIsed and the stem ends are dipped in IBA-based formulations. 
Conventional propagating systems that provide misting and root 
temperature control appear satisfactory for C. mitchellii propaga-
tion over a range of air temperatures. The suitability of softwood 
in preference to semi-hardwood or hardwood cuttings is consist-
ent with results from a range of Austra lian woody shrubs (Daw-
son & King 1994). Formulations containing both IBA and NAA 
have been recommended for Persoonia propagation (Ell yard 
1981a; Carmen 1993) bUI cuttings of many other Proteaceae, 
including Grevillea and Banksia, have responded best to IBA 
treatments (Eltyard 198 t b; Ellyard & Ollerenshaw 1984; Bennell 
& Barth 1986; Carmen 1993). The results for C. milchellii con· 
firm the finding that some Proteaceae, such as Protea, are sus-
ceptible to tissue death following NAA treatments (Gouws et 01. 
1990). 
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South African bituminous coal can be converted by controlled wet 
oxidation to a highly oxidized water-insoluble product (oxihumic 
acids) and waler· soluble oxifulvic acids (OFA). OFA, OFA·Cu and 
OFA-Fe, including various complexes, were evaluated against four 
fungal (Aspergillus (favus, Fusarium axysporum, Col/etotrichum 
dematium and Alternaria cassiae) and three bacterial (Erwinia 
caratavora, Pseudomonas syringae and Cfavibacter michigan-
ense pv. michiganense) plant pathogens. CUS04 and CUS04 & 
FeS04 significantly reduced growth of Erwinia, Clavibacter and 
Pseudomonas when compared to the control. CuOCI significantly 
reduced growth of ElWinia and Cfavibacter. OFA, OFA·Fe, FeSO" 
OFA-Cu & OFA-Fe and OFA-Cu reduced the growth of Pseu-
domonas and wIth the exception of the latter two, C/avibacter. 
CUS04 inhibited the growth of Co/Jetotrichum, Alternan'a and Fusar-
ium significantly. OFA-Cu & OFA·Fe reduced the growth of Colfe-
totrichum when compared to the control whereas OFA-Cu reduced 
growth in Alteman'a significantly. 
Keywords: Fulvic acid, oxifulvic acid, growth inhibition, plant 
pathogens. 
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The role of chemical fungicides and pesticides is currently under 
closer scrutiny than ever before. As safety standards in devel-
oped countries increase and new data on health and enviromnen-
tal hazards become available, more and more products are being 
withdrawn from the market (Evans 1995). Current research is 
concentrating on alternative control methods. This has led to the 
re-examination and improvement of many old practices and to 
the development of new methods in controlling plant diseases, It 
has been reported by Hasset el at. (1987) and Kai el at. ( 1990) 
that humic substances possess an ant imicrobial activity. Humic 
acid, isolated from domestic sewage, was shown by Hasset el al. 
(1987) to have bactericidal activity against Serratia marcescens 
Bizio and Staphylococcl/S GllrellS Rosenberg. No direct reference 
to the antimicrobial activity of fulvic acid has been reported ill 
the literature (Bosch 1993). However, water~soluble extracts, 
possibly fulvic acid, of bark were shown to have antifungal 
activity on compost (Kai et 01. 1990; Hardy & Sivasithamparan 
1991). 
Alternative uses for the country's abundant coal reserves and 
the need to overcome its lack of identifiable commercially recov-
erable crude oil reserves has been documented and this encour-
aged the research fraternity to explore the benefication of coal 
for other applications. This led to the development of an environ-
mentally friendly, controlled, wet coal oxidation process for the 
production of non-toxic chemicals that are similar to the humic 
acids and fulvic acids found ' naturally in fertile soils. These 
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Table 1 Effect of oxifulvic acid (OFA) and OFA com-
plexes on the growth o f bacterial plant pathogens 
Pathogen cfu (x 103) 
Erwinia Pseudomonas Clavibacler 
Treatment car%vora syringae michiganetlJ'is 
Control 14.80·c 379.0' 64.00' c 
OFA-Cu 35.20' 234.0° 87.50c 
OFA-Fe 14.40CB 219.3"D 29.00" 
OFA-Cu & OFA-Fe 24.00° 253.0° 37.50A• 
CuSO,.5H,O 6.567A 16.67A 26.00A 
FeSO,.7H,O 38.17° 239.0° 19.50" 
(uSO, & FeSO. 11.208 165.78 15.50" 
OFA 13.90c• I 75.7c8 21.50A 
CuOCI 4.333 A 374.3" 20.50A 
*Each value is a mean of3 replicates counted after 48 h ofgrow1.h. 
Values within a column not followed by the same Jetter are signifi-
cantly ditlerent (P = 0.05) accord ing to Duncan ' s multiple range lest. 
produced oxidized chemicals are water-insoluble products (oxi-
coal) and water-soluble oxifulvic acids (OF A) (Cronje 1988; 
Dekker el al. 1990). These acids are well known for their soil 
ameriolation and plant growth stimulation properties. OF A and 
oxihumic acid have been applied to agricultural crops and have 
been found to increase growth and yields without negative side 
effects to man (van de Venter e/ al. 1991; van Rensburg e/ at. 
1996). The aim of this research was to test the efficacy of OF A 
supplemented with different concentrations of copper andlor iron 
to inhibit the growth of bacterial and fungal plant pathogens in 
vitro. 
Enerkom (PTY) Ltd supplied the following chemicals for use 
in the experiments: OF A (7.S%) @ 30 mg 1_' (field application 
rate for plant growth enhancement); CuSO,.SH,O (2S% Cu) @ 30 
mg 1-' Cu; FeSO,.7H,O (20% Fe) @ 30 mg 1_' Fe; CuSO,.5H,0 & 
FeSO,.7H, O@ 15 mg I·' Cu & IS mg 1-' Fe; OFA-Cu (6%)@30 
mg 1-' Cll; OF A-Fe (6%) @ 30 mg t-' Fe; OF A-Cu (3%) & 
OFA-Fe (3%)@ IS mg 1-' Cu & 15 mg 1- ' Fe and; CuOCL@30 
mgl-'. 
Pseudomonas syringae van Hall and Clal'ibaCler michigan-
ense pv. miehiganense (Smith) Davis e/ al. were obtained from 
the bacterial collection, Plant Protection Research Institute, 
Roodeplaat. A culture of Envinia car%vora (Jones) Bergey et 
al. was obtained from the Bacterial Collection, Department of 
Microbiology and Plant Pathology, University of Pretoria. E. 
carotOl/ora was maintained on Standard 1 nutrient agar whereas 
P. syringae and C. michiganense pv. michiganense were main-
tained on Boost agar at ca 25°C. Aspergillus flavlls Link and 
Fusarium oxysporum Schlechtendahl were obtained from the 
Fungal Collection at the Vegetable and Ornamental Plant Insti-
tute, Roodeplaat. Col/etolriehum dematium (Persoon: Fries) 
Grove and Alternaria cassiae Juriar & Khan cultures were 
obtained from the Fungal Collection, Department of Botany, 
University of Pretoria. The fungal cultures were maintained on 
potato dextrose agar at ca 25°C. 
For each bacterial test, 36 test tubes containing 9 ml Ringers 
solution were autoclaved. Thereafter, the various supplements 
were added to each test tube at a concentration of 30 mg I-I. The 
amended Ringers solutions were serially diluted from a (0 7 to a 
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102 dilution . The test tubes containing the undiluted and diluted 
cont rol and supplemented Ringers solution were inoculated 
using 5-d-old cul tures grown 011 Standard I nutrient agar and 
Boost agar. One minute contact time was allowed_ Samples of 
100 ~ I of the 10.1 and 102 dilutions were plated out on Standard I 
nutrient agar. There were three replicates for each dilution of 
each test. The nllmber of colonies were counted after 48 h of 
growth. The experiment was repeated and statistically anal ysed. 
For each fungal test, 36 flasks containing 250 ml malt extract 
liquid medium were supplemented with the various supplements 
at 30 mg I-I. The flasks were autoclavcd at 180 kPa and 121°C 
for 20 min and then the pH was determined. A disc (5 111m diam .) 
from the edge of a 6-d-o ld culture was placed in the centre of 
each flask containing control and supplemented medium. There 
were four replicate flasks for each test. The dry mass orlhe myc-
elium was determin ed after 7 d growth on a orbital shaker. The 
experiment was repeated and statistically analysed. 
The trend in both the bacterial and fungal tests showed that. 
with the exception of P .~yringoe and C. michiganellse pv. lIIiclt-
iganense, growth of the test organisms was generally not signifi-
cantly suppressed by OF A on its own (Tables I & 2). This could 
be due to the low concentration of OF A (30 mg I-I) used in these 
experiments. However, bark compost extracts (200 ~lg extract) 
and leachates from composted bark from Eucalyptus species 
inhibited fungal growth of four fungal species (Kai el al. 1990) 
and inhibited growth, sporangial production and chlamydospore 
formation of certain Pltylophlhol"(l spp . de Bary (Hardy & Siva-
sithamparan 1991) respectively. This fungicidal ac ti vity cou ld 
have been due to the presence of fulv ic acids in the wate r- soluble 
fraction . 
Greater success was obtained with OF A in combi nation with 
Cu and/or Fe. OFA-Fe, FeSO,.7H,0, OFA-Cll & OFA-Fe and 
OF A-Cu reduced the growth of P. syringae and with the excep-
tion of the latter two, C. michigallellse pv. michiganense (Table 
I). FeSO, .7H,O, OF A-Cu & OF A-Fe and OF A-Cu significantly 
stimulated growth of E. coroto\"Of"{/ when compared to the con-
trol (Table I). OFA-Cu significantly reduced growth oLl. ms-
siae (Table 2). Growth of F. oxysporlll1l was stimulated by OF A, 
OF A-Fe and FeSO,.7H,0 (Table 2). OF A-eu & OF A-Fe reduced 
the growth of C. dematillm when compared to the control but 
stimulated growth in A. /lovus and F. oxY:';porul11 (Table 2). 
Reports in the literature have shown that binding of metals to 
environmental constituents, such as organic materials and clay 
particles, has considerable effects on biological availability of 
the metal and reduces the toxicity of heavy metals towards 
micro-organisms (G ladd & Griffiths 1978). These observat ions 
indicate that actions of heavy metals are not related to the total 
metal concentration of the medium, but are dependent on the par-
ticular chemical state in which they exist. The inhibitory effects 
of copper on bacteria are dependent on the concentration of free 
copper radicals (Zevenhuizen el 01. 1979). The effect of copper 
and iron, in combination, on their own or with OF A, on growth 
of bacteria and fungi was tested fI1 "Nro inIon artific ial media. It 
is, therefore, possible that pH, the metal-binding strength of 
complexing medium constituents and/or OF A may influence the 
toxicity of these metals towards the micro-organisms tes ted. It 
has been reported that copper ions may be chelated by organic 
compounds, in which form they loose their toxicity to micro-
organisms (Lee el al. 1993). Lee el al. (1993) tested the effects of 
iron in enhancing the roxicity of copper to a Xantholllonas sp. 
They found that the addi tion of iron increased the concentrations 
of free copper ions resulting in effective control of the pathogen 
by copper-based bactericides. CuSO,.SH,O and CuSO,.5H,O & 
FeS04.7H20 significantly reduced the growth of E. car%rora, 
C. michiganense pv. michiganr:lIse and P. ,\yringae when 
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Table 2 Effect of oxifulvic acid (OFA) and OFA complexes on the growth offungal 
plant pathogens 
Pathogen (g dry mass) 
.-lspergilllls Fusarium Co/letorr/chuIn A/temaria 
Treatment pH jlavus oxyspo/'um dematium cassiae 
Control 6.54 O.272S'ABC 0.40758e O.3800CD 0.44758 
OFA-Cu 5.21 0.2300" 0.3600'" O.2600ABC 0.0575" 
OrA-Fe 5.52 0.3325" 0.5350" 0.2625"8C U.5700' 
OrA-Cu & OFA-Fe 5.45 0.4325" 0.5 175° 0.2450'" 0.5950· 
CuSO,.5H, 0 5.34 0.2775 A8e 0.2875A 0.1775" 0.0925" 
FeSO..\.7H2O 5.80 0.2750,"e 0.5700° 0.3 1 25£I("D OA200· 
CuS04 & FCS04 5.27 0.3300·c 0,4775 DC O.3850co 0,4 7008 
OFA 6.16 0.2400AB(" 0.5700° 0.4350° 0.4000· 
('uOCI 6.25 0.2375A• 0,4975DC 0.3 125 8CD 0.5700· 
*Each value is a mean of 4 replicates weighed after 7 d of growth. Values within a columll not fol" 
lowed by the same letter are significantly different (P "" 0.05) according to Duncan'5 mU ltiple range 
test. 
compared to the control (Table 1). Growth of E. ca/'otovora and 
C michigolleJlse pv. michiganense was significantly inhibited by 
CuOCI. CuSO,.5H, 0 significantly inhibited the growth of F. 
OXYSpOrllnl, C dematiuf11 and A. cassiae (Table 2). These results 
are not surprising as it is well known that copper compounds 
have been used effecti vely to contro l bacterial (Lee el al. 1993 ) 
and fungal (Krause el al. 1996) plant pathogens. Furthermore, 
copper oxychloride (CuOCI) is used as a registered fungicide 
and bactericide against plant pathogens (Krause el al. 1996). 
Since the pHs of the supplemented media were between the opti-
mum pH val ues for fu ngal growth [pH 4-7 (Car lile & Watkinson 
1995)] (Table 2), it can be concluded that the pH did not have an 
inhibitory effect on fungal growth. 
Cloete el al. ( 1990) and Bosch (1993) tested OFA as an 
indust ri al bactericide but this is the first report on the inhibitory 
effects of fulvic acids on bacterial and fungal plant pathogens. 
This preliminary research indicates that OF A, on its own or in 
combination with copper and/or iron at concentrations tested in 
this study, showed some potential to inhibi t growth of the test 
pathogens in vilro. However, further studies are required to 
determine whether toxicity towards the pathogens would 
increase if the concentration of OF A was increased and if the 
med ium and/or OF A was 'saturated' with copper and iron so that 
more free ions would be avai lable to control the pathogens, It 
will only then be viable to test the efficacy of these compounds 
in vivo on plants in the glasshouse. and should they show 
potential . also in field trials. 
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